An 'inference-dynamic model
I. Introduction
The prevention of damage of large earth structures due to dynamic effects necessitates an analytical model capable of predicting the response of the structure. A realistic model ought to consider the variability of the physical parameters describing the media. [n this paper, we present an uncertainty Finite Element model analysis based on a perturbation technique, considering the spatial distribution of the first and second statistical moments of the modulus of elasticity, Poisson1s ratio and density. known.
The proposed semistochastic domai n analytical model is based on an inference correlative scheme which links the data sampling activities and a .finite element dynamic model.
,
Finally the sensitivity of the dynamic process to error in the input information is examined.
First order Uncertainty dynamic analysis
We consider the dynamic excitation of linear elastic earth structures undergoing small displacement response. The earth media composing the structure is assumed to be a correlative field statistically homogeneous and isotropic. The uncertainty is introduced through the physical parameter characterizing the media in the n c R 2 • These parameters are the density, modulus of elasticity and Poisson ratio whose statistical moments are obtained from an inference correlative scheme defined and implemented in [I J.
To obtain the equations of dynamic undamped equil ibrium, a twodimensional Ritz-Galerkin procedure with linear triangular elements was used for the discretization of the c~oss section of interest. 2 The geometric boundaries are considered as known with certainty and the motion perpendicular to the cross section is assumed negligible with the dynamic response corresponding to a plane strain condition.
The input motion is prescribed at the boundary nodes either as uniform a:celerati01 in all I::ase r.odes Q" as travel i ng aeee Jerat Frm with a given phase difference.
The displacement field in S1 CR 2 can be decomposed into two distinct parts [2] !!(t) = l(t) + iIN(t)
represents t e ISP acement a t the bounda r i es and (2.1) due to the excitatioñ
Consequently, the equations of dynamic undamped equilibrium at any free node of the structure are
The transformation from physical to natural coordinates gives: The variability of these two physical quantities during the dynamic excitation is described by the following expressions: 
The two sets of coefficients~and~can be viewed as random variables whose mean value is equal to zero and whose variance is determined based on the uncertainty of the physical parameters.
Assuming that the variability coefficients are the same and evaluating the variance of M and K we obtain
On the other hand, the variances of the mass and (ii) Use a finite element discretization procedure to derive the equilibrium equations (2-2) and perform the dynamic modal analysis to determine the mean values of the natural frequencies displacements and stresses. . , , ,- .r r r (}.13) (}.14)
and L an influence static matrix.
The loading factor R is evaluated using a finite difference scheme •
• r
The variance of the frequency is given by 
Numerical Application
The proposed numericaL scheme is illustrated for a hypothetical square domain 0 =[500,500J, subject to a seismic perturbation propagating through the fixed boundary y =O. The region n is discretized in a 6~6 mesh and the following assumptions are adopted for the analysis: The observed difference between these two codes is less than S%. This difference is sensitive to the Poisson's ratio in the higher modes of vibration.
The contribution of the physical parameters to the evaluation of the coefficient of variation of the natural frequencies is examined next. The density affects onLy the expected values of the frequencies but has a small effect on the coefficient of vari~tion, as can be observed in figures 1 and 2. On the other hand, the Poisson's ratio has a large effect on the coefficient of variation of the frequencies at Low vibrationaL modes. A general comment on figures 2 and 3 is that the coefficient of variation stabilizes after the fifth natural frequency. Table 2 contains the detaiLs of the above-mentioned numericaL results.
Pursuing the realization of the first goat, the randomness of the physical parameters is considered and three different cases are examined. Case 2 concerns the analysis assuming a uniform spatiaL distribution of the physical parameters over aLL the region n, and Case 3 refers to the non-uniform spatial distribution of these parameters as estimated by the Inference Scheme [1] for twenty-five given informations. Table 3 gives the values of the Modulus of Elasticity, Poisson's ratio, and density, at nodes 25 to 33.
These values are implemented in code DYNCOR and produce the resuLts of Table 4 On the other hand, figure 10 shows the spatial distribution of the coefficient of variation of the displacements and thus enables one to locate the nodes in which an extra information is needed for a reliable analysis.
The stress field is evaluated based on the displacements assuming that the medium is behaving linearly. A comparison of the obtained horizontal stresses is shown in table 6 for the three treated cases at several time -12 -steps. The interesting observation is that the estimated standard deviation is higher than the observed deviation in stresses between cases 2, 3, and case 1 which is based on the assumed distribution of the physical parameters. Figure 11 gives the evolution with time of the maximum principal stresses of elements 44 and 45 and illustrates the effect of the traveling wave. Again case 3 gives the most accurate results. The effect of the damping coefficient on the stresses has been examined also. Two damping coefficients were considered.~=0.05 and~=0.20. The maximum difference ofthe .observed stresses is less than ax. (Table 7) In conclusion this work has shown the importance of accounting for the spatial distribution of the uncertainty in the estimation of the physical parameters describing the medium of region n. The proposed analytical scheme offers the possibility to account for the inherent uncertainties of the physical properties of the medium which, it is believed, are causing the error with which the dynamic behavior is predicted in a preliminary design work.
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